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.H\ZRUGV IULFWLRQZHDU WKLUGERG\WULERORJLFDOWULSOHWDFFRPPRGDWLRQPHFKDQLVPVWULERORJLFDO
WUDQVIRUPHGVWUXFWXUHVWULERORJLFDOFLUFXLW
$EVWUDFW7KH WKLUGERG\FRQFHSW LVDSUDJPDWLF WRROIRUDQDO\]LQJDQGXQGHUVWDQGLQJWKHIULFWLRQ
DQGZHDURI VOLGLQJPDWHULDOV7KLV DSSURDFK LVEDVHGRQ WKHGRPLQDWLQJ UROHSOD\HGE\ WKHZHDU
SDUWLFOHVXQGHUGU\VOLGLQJFRQGLWLRQV7KHVHSDUWLFOHVFRQVWLWXWHWKHPDMRUSDUWRIZKDWLVFDOOHGWKH
WKLUGERG\7KHWKLUGERG\FRQFHSWZDVLQWURGXFHGE\0DXULFH*RGHWLQWKHPLGGOHRIWKH¶VDQG
GHYHORSHGE\<YHV%HUWKLHUVLQFHWKHHQGRIWKH¶VZKRDGGHGFRPSOHPHQWDU\FRQFHSWXDOWRROVDV
WKHWULERORJLFDOWULSOHWWKHDFFRPPRGDWLRQPHFKDQLVPVDQGWKHWULERORJLFDOFLUFXLW7KHDLPRIWKLV
SDSHU LV WR JLYH D V\QWKHWLF YLHZ RI WKHVH FRQFHSWV ZKLFK LQYROYHV PHFKDQLFDO PDWHULDO DQG
SK\VLFRFKHPLFDO VXEMHFWV&RQFUHWHH[DPSOHVDQGFDVH VWXGLHV IURPYDULRXVSUDFWLFDODSSOLFDWLRQV
DUHJLYHQWRLOOXVWUDWHWKHYDOLGLW\DQGWKHHIILFLHQF\RIVXFKDSKHQRPHQRORJLFDODSSURDFK
,QWURGXFWLRQ
(QJLQHHUV KDYH WR VROYH IULFWLRQSUREOHPVEXW WKH\ DUHQRW DOZD\V HGXFDWHG DERXW LW7KHLUPDLQ
SUDFWLFDO SUREOHPV FDQ EH VXPPHG XS WR WZR IXQGDPHQWDO TXHVWLRQVZKLFK FRQWDFW PDWHULDO WR
FKRRVH":KLFK YDOXH RI IULFWLRQ FRHIILFLHQW WR FRQVLGHU"8QIRUWXQDWHO\ IULFWLRQ DQGZHDU DUH QRW
LQWULQVLF SURSHUWLHV EXW RQO\ XVH SURSHUWLHV GHSHQGLQJ RQ D PXOWLWXGH RI SDUDPHWHUV LQFOXGLQJ
PDWHULDOSURSHUWLHVRSHUDWLQJFRQGLWLRQVDQGLQWHUIDFLDOUKHRORJ\)XUWKHUPRUHDORWRILQWXLWLYHDQG
UHFHLYHGLGHDVLVRXWWKHUHVXFKDVWKHKDUGHULWLVWKHOHVVLWZHDUV7KHVPRRWKHULWLVWKHEHWWHULW
VOLGHV+LJK IULFWLRQ LQYROYHVKLJKZHDU6XFKFODLPVDUHRIWHQ MXVWLILHG LQSDUWLFXODUFDVHVEXW
WKH\DUHJHQHUDOL]HGWRRUDSLGO\DQGWKDQXVHGDVSRVWXODWHV
7KLVSDSHUVWDUWVZLWKDELWRIKLVWRU\IRUEULHIO\UHYLHZLQJWKHFODVVLFDODSSURDFKRIIULFWLRQDQG
ZHDU DQG WKHQ SURFHHGV WR LQWURGXFH WKH WKLUG ERG\ FRQFHSW DQG WKH PRGHUQ FRQFHSWXDO DQG
VWUXFWXULQJWRROVIRUDQDO\]LQJZHDU
2YHUYLHZRIWKHVLWXDWLRQDELWRIKLVWRU\
7KHFRQWURORIIULFWLRQLVDVWDNHRIDOOWKHWLPHVZKLFKLPSOLHVDFRPSURPLVHEHWZHHQGLVVLSDWHG
SRZHUDQGPRWLRQ7KHDQFLHQW(J\SWLDQVDOPRVW\HDUVDJRPRYHGFRORVVDOVWDWXDU\DV WKH
H[DPSOH RI WKH IDPRXV ORZ UHOLHI LQ WKH WRPERI7FKXWL+HWHS LQ(J\SWZKHUH D SUHWULERORJLVW
SRXUHGZDWHUEHWZHHQWKHFRQWDFWLQJVXUIDFHVWRUHGXFHWKHWUDFWLRQIRUFHV>@
7KHSLRQHHUV
7KHILUVWPDQZKRWULHV WRXQGHUVWDQGIULFWLRQZDV/HRQDUGRGD9LQFL+HILUVWPDGH
H[SHULPHQWVDQGIRUPXODWHGWKHHDUO\IULFWLRQODZV+HREVHUYHGWKHSURSRUWLRQDOLW\EHWZHHQIULFWLRQ
IRUFHDQGQRUPDOORDGDQGFRQFOXGHGWKDWWKHIULFWLRQRIDQ\ZHLJKWHTXDOVWKHTXDUWHURIWKLVORDG
ZKLFK PHDQV D FRHIILFLHQW RI SURSRUWLRQDOLW\ HTXDOV  +H DOVR REVHUYHG DQ XQH[SHFWHG
SKHQRPHQRQWKHIULFWLRQGXHWRWKHVDPHZHLJKWH[KLELWVWKHVDPHIULFWLRQHYHQLIWKHFRQWDFWKDV
GLIIHUHQW OHQJWKDQGZLGWKZKLFKLPSOLHV WKHLQGHSHQGHQFHRI WKHFRQWDFWDUHDIRUDVDPHQRUPDO
ORDG)LJD,IWKHILUVWODZLVTXHVWLRQDEOHWKHVHFRQGRQHLVUHODWLYHO\WUXH
 ff fiflffi fififl  ! ff  "#$$ffi  fl% &' flfi ff%ff   flflfiff (
SXOOH\VDQGFDSVWDQVIXQGHGE\WKH)UHQFKUR\DOQDY\+HUHGLVFRYHUHGWKHWZRIULFWLRQODZVRIGD
9LQFLLQGHSHQGHQWO\WKHIULFWLRQUHVLVWDQFHLVDSSUR[LPDWHO\HTXDOWKHWKLUGRIWKHDSSOLHGSUHVVXUH
DVZHOODVRQZRRGLURQFRSSHURUOHDGZKDWHYHUWKHVOLGLQJFRQGLWLRQVZKHQFRDWHGZLWKJUHDVH
+HSURSRVHGDSURSRUWLRQDOLW\FRHIILFLHQWRIZKDWHYHUWKHPDWHULDOV%HUQDUG)RUHVWGH%pOLGRU
LQ OLNH$PRQWRQVDQG ODWHU&RXORPE WKRXJKW WKDW WKHRULJLQRIIULFWLRQIRUFHUHVXOWHGIURP
WKH UHTXLUHG IRUFH WR UDLVH WKH DVSHULWLHV RI D VXUIDFH DERYH WKRVH RI WKH DQWDJRQLVW VXUIDFH +H
VLPXODWHG DVSHULW\ LQWHUDFWLRQV E\ VSKHUHV DQG IRXQG D WKHRUHWLFDO IRUPXOD LQGHSHQGHQW RI WKH
QXPEHU RI DVSHULWLHVZKLFKJLYHV DSSUR[LPDWHO\ LQ DJUHHPHQWZLWK WKH H[SHULPHQWDO UHVXOWV
)LJ E DQG F 8QIRUWXQDWHO\ WKLV DWWUDFWLYH DSSURDFK KDV QRZ VWURQJ HQHUJHWLFDOO\ DQG
H[SHULPHQWDO REMHFWLRQV VR DVSHULW\ LQWHUORFNLQJ LV QRW WKH PDLQ UHDVRQ IRU IULFWLRQ IRUFH
)XUWKHUPRUH WKH JUHDWPDWKHPDWLFLDQ/HRQKDUG(XOHU LQWURGXFHG LQ WKH FRQFHSWRI IULFWLRQ
DQJOH KH QRWHG LW ZLWK WKH ZHOONQRZQ V\PERO  ZKLFK KDV GHILQLWLYHO\ RVVLILHG WKH LGHD RI
SURSRUWLRQDOLW\EHWZHHQWDQJHQWLDODQGQRUPDOIRUFHV


)LJXUHD([SHULPHQWVRIGD9LQFLRQIULFWLRQIRUFHWRUTXHDQGWKHLQIOXHQFHRIVOLGLQJDUHD
EILUVWLQWHUSUHWDWLRQRIWKHRULJLQRIIULFWLRQIRUFHE\$PRQWRQVDQG&RXORPEFWKHRUHWLFDOVLPXODWLRQRI
WKHILFWLRQIRUFHUHVXOWLQJRIVSKHULFDODVSHULWLHVLQWHUORFNLQJE\%pOLGRU
'XULQJ WKH VDPHSHULRG LQ -RKQ7KHRSKLOXV'pVDJXOLHUV D)UHQFK+XJXHQRW VHHNLQJ LQ
*UHDW %ULWDLQ GLVFRYHUHG WKH SKHQRPHQRQ RI DGKHVLRQ RI VROLGV E\ PHDVXULQJ WKH WHQVLOH IRUFH
QHFHVVDU\WREUHDNWKHZHOGLQJVWLFNLQJRIWZRVSKHUHVRIOHDGLQLWLDOO\SUHVVHGWRJHWKHUVWURQJO\
)LQDOO\ WKH IDPRXV &KDUOHV $XJXVWLQ &RXORPE DIWHU D ODUJH VHULHV RI IULFWLRQ H[SHULPHQWV RQ
YDULRXVPHWDOVDQGZRRGVXQGHUGU\DQGOXEULFDWHGFRQGLWLRQVSURSRVHGLQDJHQHUDOIRUPXOD
IRUIULFWLRQZKLFKWDNHVLQWRDFFRXQWDSDUDPHWHUUHODWLYHWRWKHFRKHVLRQRIVXUIDFHVVRWKDWIULFWLRQ
IRUFH LV QRW H[DFWO\ SURSRUWLRQDO WR QRUPDO IRUFH >@ 7KLV LV QRW WKH GHILQLWLRQ RI WKH VRFDOOHG
IULFWLRQFRHIILFLHQWRI&RXORPEFXUUHQWO\LQXVHQRZDGD\V
&ODVVLFDODSSURDFKRIIULFWLRQ
7KHFODVVLFDODSSURDFKRIIULFWLRQLVGXHWR%RZGHQDQG7DERULQWKHPLGGOHRIWKHWKFHQWXU\,WLV
DWZRERG\DSSURDFKGHVFULEHGLQWKUHHVWDJHVDWDPLFURVFRSLFOHYHO)LJ>@
 7KHILUVWVWDJHFRQFHUQVWKHFRQWDFWIRUPDWLRQ6KRFNVDQGLQWHUSHQHWUDWLQJRIDVSHULWLHV
RQ WKH UHDO FRQWDFWDUHD SURGXFHSORZLQJ FUXVKLQJDQG VSLQQLQJE\HODVWLFDQGSODVWLF
GHIRUPDWLRQV
 7KH VHFRQG VWDJH UHVXOWV IURP WKH LQWLPDWH FRQWDFW EHWZHHQ DWRPV DQG OHDGV WR WKH
IRUPDWLRQRIDQDGKHVLYHMXQFWLRQFROGZHOGLQJEHWZHHQDVSHULWLHV
 7KH WKLUG VWDJH FRQFHUQV WKHFRQWDFW VHSDUDWLRQZKHUH WKH MXQFWLRQPXVWEH VKHDUHG WR
PDLQWDLQWKHPRYHPHQW
7KLVDSSURDFKIRFXVHVRQWKHGRXEOHFRQWULEXWLRQERWKPHFKDQLFDODQGSK\VLFRFKHPLFDORIWKH
IULFWLRQPHFKDQLVP

)LJXUH7KHWKUHHVWDJHVRIWKHWZRERG\DSSURDFKRIIULFWLRQ
DFRQWDFWIRUPDWLRQEDGKHVLYHMXQFWLRQDQGFFRQWDFWVHSDUDWLRQ%RZGHQ	7DERU
,QVXFKZD\WKHFODVVLFDOGHILQLWLRQRIZHDULVWKHPDVVORVWIURPWKHVXUIDFHRIRQHRUDQGWKH
RWKHU VROLG LQ FRQWDFW:HDUPHFKDQLVPV DUH FODVVLILHG FRQVLGHULQJ WKHPRGH RI VXUIDFH GDPDJH
REVHUYHG RQ ZRUQ VXUIDFHV VXFK DV DEUDVLRQ DGKHVLRQ VXUIDFH IDWLJXH GHODPLQDWLRQ
WULERFKHPLFDO $ ORW RIZHDU ODZV DUH EDVHG RQ WKH $UFKDUG¶V ODZ ZKLFK LV WKH ZHDU YROXPH
GLYLGHGE\WKHDSSOLHGORDGDQGWKHVOLGLQJGLVWDQFH>@'LPHQVLRQOHVVVSHDNLQJLWLVH[SUHVVHGDV
WKHLQYHUVHRIDPHFKDQLFDOVWUHQJWK(QHUJHWLFODZVDUHDOVRSURSRVHGRQWKHEDVLVRIWKHGLVVLSDWHG
HQHUJ\E\IULFWLRQEXWWKHODUJHPDMRULW\DUHHPSLULFODZVFORVHO\OLQNHGWRZRUNLQJFRQGLWLRQV>@
6RPHDWWHPSWVRIZHDUPDSVKDYHDOVREHHQSXEOLVKHGDVDIXQFWLRQRISUHVVXUHDQGVSHHG>@
,Q VXPPDU\ WULERORJ\ LV VWLOO D \RXQJ VFLHQFH WKH ZRUG LWVHOI KDV OHVV WKDQ ILIW\ \HDUV >@
3UHGLFWLYH PRGHOV ZLWK DGYDQFHG PDWKHPDWLFDO IRUPDOLVP EDVHG RQ WKH WKUHH IXQGDPHQWDO
HTXDWLRQV RI PHFKDQLFV DUH XVHG IRU OXEULFDWLRQ SUREOHPV DQG FRQWDFW PHFKDQLFV EXW RQO\
GHVFULSWLYH PRGHOV EDVHG RQ WKH TXDVL XQOLPLWHG FRQFHSWV RI PDWHULDO VFLHQFH DUH DYDLODEOH IRU
IULFWLRQDQGZHDU
7KHWKLUGERG\FRQFHSW
7KH WKLUG ERG\ FRQFHSW LV D PHFKDQLFDO WUDQVSRVLWLRQ RI WKH OXEULFDWLRQ FRQFHSWV WR GU\ IULFWLRQ
LQWURGXFHG E\0DXULFH*RGHW LQ WKHPLGGOH RI WKH ¶V 7KH VRFDOOHG WKLUG ERG\ JDWKHUV DOO WKH
LQWHUIDFLDO HOHPHQWV VHSDUDWLQJ WKH FRQWDFWLQJ VXUIDFHV >@ 7KLV WKLUG ERG\ SOD\V D UROH RI LQVHW
VFUHHQO\LQJEHWZHHQWKHFRQWDFWLQJVROLGVWKHWZRVRFDOOHGILUVWERGLHV
7KHWKLUGERG\UHIHUVWRWKH]RQHRIVSHHGGLVFRQWLQXLW\LWLVDG\QDPLFLQWHUSKDVHSURGXFHGE\
GHWDFKHGSDUWLFOHVGHEULVRUOXEULFDQWV,WFKDUDFWHULVWLFGLPHQVLRQLVIURPWRP7KHWKLUG
ERG\FRXOGDOVRUHIHU WR WKH]RQHRIFRPSRVLWLRQGLVFRQWLQXLW\ LW LQFOXGHVVWDWLFVXSHUILFLDOILOPV
DGVRUEHGOD\HUVR[LGHILOPV7ZRERG\FRQWDFWVOLWHUDOVHQVHGRQ¶WH[LVW
7KHWKUHHIXQGDPHQWDOSURFHVVHVRIZHDU
:HDUSURFHVVFDQEHGHVFULEHGLQWKUHHVWDJHVIRFXVHGXSRQWKHGHEULVEHKDYLRU)LJ
 7KHILUVWVWDJHEHJLQVE\WKHGHWDFKPHQWRISDUWLFOHVIURPILUVWERG\VXUIDFHVE\FODVVLFDO
PHFKDQLVPVRIDEUDVLRQDGKHVLRQGHODPLQDWLRQ
 'XULQJWKHVHFRQGVWDJH WKHSDUWLFOHVDUHWUDSSHGDQGFLUFXODWHZLWKLQWKHFRQWDFW]RQH
7KHLU DFFXPXODWLRQ FDQ SURGXFH D EHG RI SRZGHU ZKLFK VHSDUDWHV SDUWLDOO\ RU
FRPSOHWHO\WKHVXUIDFHVDQGUHGXFHVWKHVXUIDFHLQWHUDFWLRQV
 $W WKH ODVW VWDJH GHEULV LV ILQDOO\ HMHFWHG RXWVLGH WKH FRQWDFW ]RQH 7KH LQWHUDFWLRQ
EHWZHHQVXUIDFHVLQWHQVLILHVZHDUDSSHDUVDQGWKHF\FOHVWDUWVDJDLQ

)LJXUH7KHWKUHHVWDJHVRIWKHWKLUGERG\DSSURDFKRIZHDUDGHEULVHPLVVLRQ
EGHEULVFLUFXODWLRQDQGFGHEULVHMHFWLRQ*RGHW
7KHFXUUHQWGHILQLWLRQRIZHDUFRUUHVSRQGVWRWKHJOREDOPDVVRIPDWHULDOGHILQLWLYHO\ORVWE\WKH
V\VWHP6RZHDUUDWHUHVXOWVIURPDEDODQFHEHWZHHQWKHGHWDFKPHQWDQGWKHHOLPLQDWLRQRIGHEULV
:H FDQ VD\ WKDW ³D JRRG IULFWLRQ SDLU LV RQHZKLFK LVZLOOLQJ WR VDFULILFH LWV VXUIDFH WR VDYH LWV
YROXPH´
$SSOLFDWLRQWRIULFWLRQDQGZHDURIVWUXFWXUDOFHUDPLFV
%ULWWOH PDWHULDOV VXFK DV FHUDPLFV SHUIHFWO\ LOOXVWUDWH WKH PRGHO )RXU VWUXFWXUDO FHUDPLFV ZHUH
VWXGLHGLQGU\FRQGLWLRQLQDLUDQDOXPLQXPR[LGHDVLOLFRQFDUELGHDVLOLFRQQLWULGHDQGDSDUWLDOO\
VWDELOL]HG]LUFRQLD IRUVSHHGVUDQJHGIURPPV WRPVDQGORDGVIURP1WR1XVLQJD
FHUDPLFUROOHUVOLGLQJDJDLQVWDIODWVDPSOHPDGHRIWKHVDPHFHUDPLFPDWHULDO>@
0LFURVFRSLFH[DPLQDWLRQVUHYHDOHGWKHSURGXFWLRQRIDODUJHTXDQWLW\RIGHEULVZLWKLQDQGDOVR
RXWVLGHWKHZHDUWUDFN)LJD:HDUUDWHVDQGIULFWLRQFRHIILFLHQWVDVDIXQFWLRQRIVOLGLQJVSHHG
DOZD\V VKRZDQRSSRVLWH HYROXWLRQ VR WKDW WKHPLQLPXPZHDU UDWHFRUUHVSRQGV WR WKHPD[LPXP
IULFWLRQFRHIILFLHQWZLWKDFULWLFDOVSHHGFORVHWRPVIRUDOOFHUDPLFV)LJE7KHVHXQH[SHFWHG
UHVXOWVFDQEHFOHDUO\H[SODLQHGRQWKHEDVLVRIWKHWKLUGERG\DSSURDFK
 %HORZPVLQFUHDVLQJVSHHGFDXVHVZHDUUDWHUHGXFWLRQZKLFKLQGLFDWHVDULVHLQORDG
FDUU\LQJFDSDFLW\RIGHEULV7KLVSKDVHFRQILUPVDQDFFXPXODWLRQRIGHEULVWUDSSHGLQVLGHWKH
FRQWDFW]RQHDVD UHVXOWRI UHF\FOHGGHEULVE\ WKH URWDWLQJ UROOHU7KLVSKDVHDOVR LQGLFDWHV
WKDWDGHEULVDFFXPXODWLRQFRUUHVSRQGVWRDULVHLQWKHIULFWLRQFRHIILFLHQW
 $ERYH  PV WKH ZHDU UDWH LQFUHDVHV DQG WKH IULFWLRQ FRHIILFLHQW GHFUHDVHV 7KLV IDFW
LQGLFDWHVDUHGXFWLRQRIORDGFDUU\LQJFDSDFLW\RIGHEULVDVDFRQVHTXHQFHRIWKHH[SXOVLRQRI
GHEULVIURPWKHFRQWDFW]RQH
 7KHFULWLFDO VSHHGRIPVFRUUHVSRQGV WR WKH OLPLWRIERWKSKDVHVRIDFFXPXODWLRQDQG
HOLPLQDWLRQ $FWXDOO\ LW¶V UHODWHG WR WKH FHQWULIXJDO DFWLRQ RI WKH URWDWLQJ UROOHU ZKLFK
EHFRPHVVXIILFLHQW WRH[SXOVHGHEULV IURP WKH WUDFNDQGSUHYHQWV WKHLU UHF\FOLQJ7KLV LVD
FKDUDFWHULVWLFRIWKHGHYLFHNLQHWLFLWLVORJLFDOO\LQGHSHQGHQWRIWKHFHUDPLFPDWHULDOV


)LJXUHD2SWLFDOREVHUYDWLRQRIDVLOLFRQFDUELGHVXUIDFHVKRZLQJGHEULVLQDQGRXWRIWKHWUDFNDQG
ERSSRVLWHHYROXWLRQRIIULFWLRQDQGZHDUIRUDQDOXPLQDDOXPLQDFRQWDFWDVDIXQFWLRQRIVSHHG
7KHVHV UHVXOWV VKRZ WKDW WKH FRHIILFLHQW RI IULFWLRQ UHYHDOV WKH DPRXQW RI GHEULV O\LQJ LQ WKH
FRQWDFW ]RQH DQG WKHZHDU UDWH GHWHUPLQHV WKH GHEULV IORZPRYLQJ LQVLGH WKH FRQWDFW ]RQH 7KH
FRKHVLRQ DQG WKH UKHRORJ\ RI GHEULV LQIOXHQFH WKHZHDU EHKDYLRU ,Q WKLV VWXG\ZKHQ VPDOO IUHH
GHEULV IRUPV D EHG RI LQGLYLGXDO SDUWLFOHV WKH\ VHSDUDWH WKH VXUIDFHV DVVXPH D ORDGFDUU\LQJ
FDSDFLW\ DQG KDYH D SURWHFWLYH DVSHFW %XWZKHQ SDUWLFOHV IRUP ODUJH ILOPV DGKHUHQW WR WKHZRUQ
VXUIDFHVWKH\DUHXVXDOO\DVVRFLDWHGWRKLJKZHDUE\ODUJHJUDLQSXOORXWDVDUHVXOWRIDORZHUORDG
FDUU\LQJ FDSDFLW\ FRPSDUHG WR IUHH SDUWLFOHV ,IZHDUSDUWLFOHV DUH LQWHQWLRQDOO\ UHPRYHG IURP WKH
FRQWDFW]RQHZHWEUXVKLWLQGXFHVDGURSLQWKHIULFWLRQFRHIILFLHQWDQGLQSDUDOOHODTXLWHPDUNHG
LQFUHDVH LQ ZHDU UDWH 7KLV SURYHV WKDW WKH UHPRYDO RI GHEULV FDXVHV ZHDU UDWH LQFUHDVLQJ DQG
WKHUHIRUHWKDWZHDUSDUWLFOHVSUHVHQWDQHIIHFWLYHORDGFDUU\LQJHIIHFW
&RQFHSWXDODQGVWUXFWXULQJWRROV
7KHDEVHQFHRIXQLI\LQJPRGHODQGWKHIDFW WKDW WKHUHLVQRSUHGLFWLYHWKHRU\RIIULFWLRQDQGZHDU
PXVW EH EDODQFHG E\ D KHOSIXO DQG SUDJPDWLFPHWKRGRORJ\ WR GHVFULEH SUHFLVHO\ZHDU SURFHVVHV
7KUHH FRQFHSWXDO WRROV GHYHORSHGE\<YHV%HUWKLHU VLQFH WKHHQGRI WKH¶V DUHDYDLODEOH IRUD
EHWWHUXQGHUVWDQGLQJRI IULFWLRQSKHQRPHQDDQG LPSURYLQJSHUIRUPDQFHDQG UHOLDELOLW\RI UXEELQJ
FRQWDFWV
 7KHWULERORJLFDOWULSOHWZKLFKLVDPXOWLVFDOHGHVFULSWLRQRIWKHWULERV\VWHP
 7KH DFFRPPRGDWLRQ PHFKDQLVPV ZKLFK LGHQWLILHV WKH VLWHV DQG WKH PRGHV RI ORFDO
RSHUDWLQJPHFKDQLVPVWRDFKLHYHWKHGLVSODFHPHQW
 7KH WULERORJLFDOFLUFXLWZKLFK LVDG\QDPLFYLHZRI WKHSDUWLFOH IORZVPRYLQJWKURXJK
WKHFRQWDFW]RQH
)LUVWWRROWKHWULERORJLFDOWULSOHW
$WULERV\VWHPPXVWEHFRQVLGHUHGDWWKUHHOHYHOV>@
 7KHZRUNLQJGHYLFH LPSRVHV WKHZRUNLQJFRQGLWLRQV WUDQVPLWV WKH ORDGDQG WKH VOLGLQJ
PRGH7KHPDLQSDUDPHWHULVKHUHWKHPHFKDQLVPVWLIIQHVV
 7KH FRQWDFWLQJ PDWHULDOV VXVWDLQ WKH ZRUNLQJ FRQGLWLRQV RI WKH GHYLFH UHDFW E\
PHFKDQLFDODQGFKHPLFDOFKDQJHV7KHHIIHFWRI WKHFRQWDFWJHRPHWU\DQGWKHQDWXUHRI
WKHFRQWDFWLQJPDWHULDOVDUHGRPLQDWLQJIDFWRUV
 7KH LQWHUIDFLDO HOHPHQWV VHSDUDWH WKH FRQWDFWLQJ PDWHULDOV WUDQVPLW WKH ORDG IURP RQH
VROLGWRWKHRWKHU7KHHIIHFWRISDUWLFOHDGKHVLRQDQGUKHRORJ\JRYHUQVWKHORFDOEHKDYLRU
RIWKHFRQWDFW
$QLOOXVWUDWLRQFDQEHIRXQGZLWKWKHDWWHPSWWRVWDQGDUGL]HWULERORJLFDOSUDFWLFHV9$0$6$
ODUJHUHSHDWDELOLW\DQGFRPSDUDELOLW\FDPSDLJQRIIULFWLRQDQGZHDUGDWDZDVLQLWLDWHGDWWKHHQGRI
WKH ¶V ZKHUH  ODERUDWRULHV IURP  FRXQWULHV SHUIRUPHG WKH VDPH WHVW >@ 7KH DLP ZDV WR
H[SHULPHQW VWHHOVWHHO $,6,  VOLGLQJ RQ EDOORQGLVF FRQILJXUDWLRQ EDOO RI  PP LQ
GLDPHWHU UXQQLQJ DW D UDGLXV RI  PP IURP WKH FHQWHU RI WKH GLVF XQGHU FORVH FRQWUROOHG
FRQGLWLRQV1PVNPGU\FRQGLWLRQVRI5+7KHUHVXOWVLQWHUPVRIFRHIILFLHQWRI
IULFWLRQDUHJLYHQLQ)LJ

)LJXUH9$0$6UHVXOWVRIUHSHDWDELOLW\DQGFRPSDUDELOLW\RIIULFWLRQIRUDVWHHOVWHHOFRQWDFWXQGHUGU\
FRQGLWLRQDQGFORVHFRQWUROOHGRSHUDWLQJSDUDPHWHUV
7KH PDLQ UHDVRQ IRU D VR ODUJH VFDWWHU LQ WKH UHVXOWV LV WKDW QR VSHFLILFDWLRQV ZHUH GRQH
FRQVLGHULQJ WKH H[SHULPHQWDO GHYLFH 7KH GLIIHUHQW VWLIIQHVV RI WKH GHYLFHV FDQ H[SODLQ VXFK
GLVSHUVLRQ
6HFRQGWRROWKHDFFRPPRGDWLRQPHFKDQLVPV
7KH VHFRQG WRRO LGHQWLILHV KRZ WKH UHODWLYH GLVSODFHPHQW EHWZHHQ WKH WZR FRQWDFWLQJ VROLGV LV
GRQH LQ SDUWLFXODU RQ KRZ VSHHG JUDGLHQW WKURXJK WKH LQWHUIDFLDO HOHPHQWV LV IRUPHG 7KH VSHHG
DFFRPPRGDWLRQFDQEHORFDOL]HGDWGLIIHUHQWVLWHVDQGSURGXFHGE\GLIIHUHQWPRGHV)LJ
,QDEDVLFFRQWDFWWKHVLWHVRIDFFRPPRGDWLRQVKRXOGEH>@
 LQWKHZRUNLQJGHYLFHUHIHUUHGWRDV6
 LQWKHVNLQRIWKHVOLGLQJPDWHULDOVILUVWERGLHVUHIHUUHGWRDV6DQG6
 LQWKHYROXPHSDUWRIWKHWKLUGERG\UHIHUUHGWRDV6
 LQWKHQDWXUDOVFUHHQVWKHVXSHUILFLDOSDUWRIWKHWKLUGERG\UHIHUUHGWRDV6DQG6
7KHPRGHVFRYHUWKHEDVLFFRQFHSWVRIIUDFWXUHPHFKDQLFVDQGPDWHULDOEHKDYLRUWKDWLV
 WKHHODVWLFGHIRUPDWLRQUHIHUUHGWRDV0QRHQHUJ\GLVVLSDWLRQPRGH
 WKHSODVWLFGHIRUPDWLRQ0
 WKHIUDFWXUHPRGH0FUDFNSURSDJDWLRQ
 WKHVKHDULQJPRGH0
 WKHUROOLQJPRGH0UROOHUIRUPDWLRQ
7KHFRPELQDWLRQRIRQHVLWHDQGRQHPRGHUHIHUUHGWRDV6L0MFRQVWLWXWHVDQDFFRPPRGDWLRQ
PHFKDQLVPRFFXUULQJRQWKHREVHUYHGVSRWRI WKHFRQWDFW]RQH,QSUDFWLFHIRUV\PPHWU\UHDVRQV
RQO\HLJKWRIWKHPDUHXVXDOO\REVHUYHGWKUHHLQWKHILUVWERGLHVRQHLQWKHVFUHHQVDQGIRXULQWKH
WKLUGERG\>@

)LJXUHD7KHWULERORJLFDOWULSOHWGHILQHVWKHWULERV\VWHPE7KHGLIIHUHQWVLWHVDQGPRGHVRIVSHHG
DFFRPPRGDWLRQLQDWULERV\VWHP
)LJXUHVDQGLOOXVWUDWHVHYHUDOFDVHVRIDFFRPPRGDWLRQPHFKDQLVPVVXSHUILFLDOFUHHS60
VXSHUILFLDOFUDFNLQJ60LQWHUIDFLDOVKHDULQJ60DQGUROOVIRUPDWLRQ60
7KHPDWHULDOV FKRRVH WR ORFDOO\DFWLYDWH WKH VXLWDEOHDFFRPPRGDWLRQPHFKDQLVPDEOHRIVLGH
VWHSSLQJ WKH ORFNLQJ HIIHFW LPSRVHGE\ VXUIDFH DGKHVLRQ ,QGU\ IULFWLRQ VHYHUDOPHFKDQLVPVFDQ
FRH[LVW LQ WKH VDPH FRQWDFW 0LJUDWLQJ VLWH DQG FKDQJLQJPRGH GXULQJ IULFWLRQ DUH SRVVLEOH WKH
FRQWDFWLVVXEGLYLGHGLQWRDFWLYH]RQHVGHDFWLYH]RQHVRUUHDFWLYH]RQHV
$QDGGLWLRQDOFRQFHSWFRQFHUQVWKHWULERORJLFDOWUDQVIRUPHGVWUXFWXUHV776,WFRUUHVSRQGVWR
DILUVWERG\UHVSRQVHE\VXSHUILFLDOSKDVHWUDQVIRUPDWLRQVWULERORJLFDOO\DFWLYDWHGRIWHQREVHUYHG
LQ SDUWLFXODU DIWHU IUHWWLQJZHDU IULFWLRQ LQGXFHG E\ VPDOO GLVSODFHPHQWV XQGHU YLEUDWLQJ DFWLRQV
>@'LIIHUHQWPHFKDQLVPVKDYHEHHQSURSRVHG VXFKDV0HFKDQLFDO0L[LQJ/D\HU 00/+LJK
7HPSHUDWXUH 3KDVH 7UDQVIRUPDWLRQ 0DWHULDO +7370 DQG '\QDPLF &U\VWDOOL]DWLRQ ZKLFK
SURGXFHV QDQRPHWULF JUDLQ VL]H XQGHU KLJK SODVWLF GHIRUPDWLRQ 7KHVH 776 RIWHQ OHDG WR WKH
GHWDFKPHQWRISDUWLFOHVWKDWIHHGWKHWKLUGERG\

)LJXUH6FKHPDWLFYLHZVRIDFFRPPRGDWLRQPHFKDQLVPVLQWKHILUVWERGLHVDQGWKHVFUHHQVDFURVV
VHFWLRQRIDQDXVWHQLWLFVWHHOVKRZLQJVXSHUILFLDOFUHHS60DQGEJODVVVXUIDFHDIWHUIULFWLRQRQDVWHHO
EDOOVKRZLQJVXSHUILFLDOFUDFNLQJ60+HUW]LDQFUDFNVEHKLQGWKHFRQWDFW

)LJXUH6FKHPDWLFYLHZVRIDFFRPPRGDWLRQPHFKDQLVPVLQWKHWKLUGERG\DLQWHUIDFLDOVKHDULQJ60LQ
DQDOXPLQDDOXPLQDFRQWDFWDQGEUROOSDUWLFOHDVVRFLDWHGWR6FKDODPDFKYDZHVLOOXVWUDWLQJDUROOLQJ
DFFRPPRGDWLRQ60LQDHODVWRPHU738VWHHOFRQWDFW
7KLUGWRROWKHWULERORJLFDOFLUFXLW
7KH ODVW WRROGHILQHV WKHGLIIHUHQW IORZVRIPDWWHU LQWR WKURXJKDQGRXWRI WKHFRQWDFW,WKHOSVWR
HVWDEOLVKWKHPDVVEDODQFHEHWZHHQZKDWFRPHVLQWRWKHFRQWDFWDQGZKDWFRPHVRXW)LJD
 7KHVRXUFHIORZ4VLVWKHPDWWHUZKLFKIHHGVWKHFRQWDFWE\GHWDFKPHQWRISDUWLFOHVIURP
WKHVXUIDFHVRIWKHWZRILUVWERGLHV4VLQWRUE\LQWURGXFWLRQRIDDUWLILFLDOOXEULFDQW4VH[W
 7KHH[WHUQDOIORZ4HLVWKHPDWWHUZKLFKJHWVRXW3DUWRIWKLVPDWWHUFDQEHUHLQWURGXFHG
4UDQGWKHUHVWLVGHILQLWLYHO\ORVWE\WKHFRQWDFWWKLVILQDOSDUWLVWKHZHDUIORZ4Z
 7KHDPRXQWRISDUWLFOHVPRYLQJLQVLGHWKHFRQWDFWLVUHIHUUHGDVWKHLQWHUQDOIORZ4L
$ FRPSHWLWLRQ HVWDEOLVKHV EHWZHHQ WKH ZHDU IORZ 4Z DQG WKH VRXUFH IORZ 4V 7KH PDVV
HTXLOLEULXPRI WKH V\VWHP LQYROYHV WKDW WKH DPRXQWRISDUWLFOHV0LRI WKLUGERG\SHUXQLWRI WLPH
G0LGWVKRXOGEHHTXDOVWRWKHGLIIHUHQFHEHWZHHQ4VDQG4Z>@
$FORVHGFRQWDFWZKHUHQRHMHFWLRQLVSRVVLEOH4Z DOORZVWKHVWXG\RISDUWLFOHGHWDFKPHQW
7KHVRXUFHIORZ4VLVIRXQGWREHLQYHUVHO\SURSRUWLRQDOWRWKHDPRXQW0LRISDUWLFOHVLQWKHFRQWDFW
$FWXDOO\LIWKHDPRXQWRIWKLUGERG\ULVHVWKHQVWUHVVHVRQWKHILUVWERGLHVGHFUHDVHVRWKHDPRXQW
RIWKLUGERG\WHQGVWRZDUGVDPD[LPXP0LPD[XQWLOWKHVRXUFHIORZVWRSV)LJE

)LJXUHD3DUWLWLRQLQIORZVRIPDWWHULQWRWKURXJKDQGRXWRIWKHFRQWDFWGHILQLQJWKHWULERORJLFDO
FLUFXLWDQGE&RPSHWLWLRQEHWZHHQVRXUFHIORZDQGZHDUIORZOHDGLQJWRDPDWWHUEDODQFHGXULQJWKHVWHDG\
VWDWHRIVOLGLQJV\PEROGHILQLWLRQVDUHJLYHQLQWKHWH[W
,QDQRSHQFRQWDFWHMHFWLRQUHGXFHVWKHDPRXQWRIWKLUGERG\WUDSSHGLQWKHFRQWDFWVRVWUHVVHV
RQWKHILUVWERGLHVDQGVRXUFHIORZLQFUHDVHXQWLOLWVWDELOL]HVDWDFHUWDLQDPRXQW0LVWRIWKLUGERG\
7KDW SURYHVZHDU IORZFRQWUROV VRXUFH IORZ0RUHRYHU DPLQLPXPDPRXQWRI WKLUGERG\0LWK LV
UHTXLUHG WR RSHUDWH HMHFWLRQ7KH VWHDG\ VWDWH LV UHDFKHGZKHQ WKHZHDU IORZEDODQFHV WKH VRXUFH
IORZ4Z 4VDQGWKHDPRXQW0LVWRIWKLUGERG\VWDELOL]HVEHWZHHQWKHUDQJHRI0LWKDQG0LPD[
)XWXUH SURJUHVV ZLOO HQVXUH E\ QXPHULFDO VLPXODWLRQ PHWKRGV ZLWK WKH SRVVLELOLW\ WR VWXG\
VHSDUDWHO\ LQWHUDFWLYH SDUDPHWHUV OLNH PHFKDQLFDO DQG DGKHVLYH LQWHUDFWLRQV EHWZHHQ VSKHUHV
'LVFUHWH(OHPHQW0HWKRG>@
,OOXVWUDWLQJDSSOLFDWLRQV
7KH ILUVW H[DPSOH UHSRUWHGKHUHFRQFHUQVZHDU WHVWVRIDUWLILFLDOKLS MRLQWV6XFK WHVWVDUHXVXDOO\
FDUULHGRXWZLWKVLPXODWRUVXVLQJDIOH[LRQH[WHQVLRQPRYHPHQWZLWKDVSHFLILF ORDGF\FOHZKHUH
WKH DSSOLHG ORDGZDV FKRVHQ DW 1 GXULQJ IOH[LRQ DQG DW 1 GXULQJ H[WHQVLRQZKLFK LV
UHSUHVHQWDWLYHRIDVWDLUVDVFHQW5HVXOWVUHSRUWHGKHUHZHUHSHUIRUPHGXVLQJIHPRUDOKHDGVPDGHRI
DOXPLQD RU ]LUFRQLD FHUDPLFV DQG FXSVPDGH RI SRO\HWK\OHQH 8+0:3( UXQ LQ GLVWLOOHG ZDWHU
GXULQJāF\FOHV>@
7KHIULFWLRQFRHIILFLHQWLVGLUHFWO\DFFRXQWIRUWKHLPSRVHGNLQHWLFDQGORDGF\FOHRIIOH[LRQDQG
H[WHQVLRQ DQG REVHUYDWLRQV RI WKH SRO\HWK\OHQH FXSV UHYHDO D FRQWDFW SDUWLWLRQLQJ LQ VSHFLILF
DFFRPPRGDWLRQ]RQHV)LJ
 7KH ILUVW ]RQH LV DW WKH EHJLQQLQJ RI WKH IOH[LRQ ZKHUH KLJK IULFWLRQ FRHIILFLHQWV ZHUH
UHFRUGHG DERXW  7KLV ]RQH ZDV FKDUDFWHUL]HG E\ DEUDVLYH ZHDU DVVRFLDWHG ZLWK
SHUPDQHQW GHIRUPDWLRQ ,W FRUUHVSRQGV WR WKH VRXUFH IORZ 4V DQG WKH DFFRPPRGDWLRQ
PHFKDQLVPZDVLGHQWLILHGDV60
 7KHLQWHUPHGLDWH]RQHSRODU]RQHLVLQSHUPDQHQWFRQWDFWZLWKWKHFHUDPLFKHDGGXULQJWKH
ZKROH WHVW GXUDWLRQ +HUH WKH FRHIILFLHQW RI IULFWLRQ LV ORZ DERXW  7KH SRO\PHU
UHPDLQV XQGDPDJHGEXW WKLQ VXSHUSRVHG OD\HUVRIGHEULVKDYHSURWHFWHG WKH LQLWLDO VXUIDFH
ZKHUH PDFKLQLQJ VWULDWLRQV FDQ VWLOO EH REVHUYHG EHQHDWK WKH GHEULV OD\HUV 7KLV ]RQH
FRUUHVSRQGVWRWKHLQWHUQDOIORZ4LDVVRFLDWHGWRDQ60DFFRPPRGDWLRQPHFKDQLVP
 7KH WKLUG ]RQH LVDW WKHEHJLQQLQJRI WKHH[WHQVLRQZKHUHKLJK IULFWLRQFRHIILFLHQWV DERXW
 ZHUH UHFRUGHG DJDLQ 7KLV ]RQH LV SHULRGLFDOO\ UHOHDVHG OLNH WKH ILUVW RQH 7KHUH LV
GHFRKHVLRQDQGIUDFWXUHRIWKHOD\HUV,WFRUUHVSRQGVWRWKHZHDUIORZ4ZQRZDVVRFLDWHGWR
DQ60PHFKDQLVP
7KHRULJLQDOLW\RIWKLVSDUWLFXODUFRQILJXUDWLRQOLHVLQWKHIDFWWKDWVXFK]RQHVDUHXVXDOO\KDUGO\
GLVWLQJXLVKDEOHLQFODVVLFDOWULERORJLFDOVLWXDWLRQVDQGDUHZHOOVHSDUDWHGKHUH
)LJXUH3DUWLWLRQRIWKHFRQWDFWLQDQDUWLILFLDOKLSMRLQWVLPXODWRUDEDFNHTXDWRULDO]RQHEHJLQQLQJRI
IOH[LRQDQGVRXUFHIORZRULJLQESRODUSRVLWLRQ]RQHSHUPDQHQWFRQWDFWDQGLQWHUQDOIORZORFDWLRQDQGF
IURQWHTXDWRULDO]RQHEHJLQQLQJRIH[WHQVLRQDQGZHDUIORZSURGXFWLRQ
$ VHFRQG H[DPSOH LV UHIHUULQJ WR GULOO ELW LQVHUWPDGH RI FHPHQWHG FDUELGH VXFK DV:&ā&R
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